Feed grain suspected of causing death in a group of pigs was evaluated for toxic potential in chickens. The contaminated grain sorghum mixture was examined visually and contained 3.7% Cassia occidentalis and 1.6% Cassia obtusifolia seeds by weight. Thirty-two chicks were fed a sample of this suspect grain sorghum mixture. Chickens receiving the contaminated grain lost weight rapidly, exhibited clinical signs typical of intoxication with Cassia spp., and by day 16 were severely debilitated. Necropsy and histologic and electron microscopic examinations demonstrated a skeletal and cardiac degenerative myopathy consistent with intoxication by Cassia occidentalis. These toxicologic investigations verified the toxic potential of the contaminated sorghum mixture for chickens, and these comparative observations support prior diagnostic efforts implicating Cassia spp. as a cause of illness in swine.
The genus Cassia is a large and diverse group of annual and perennial herbs, shrubs, woody vines, and trees found in the tropics and subtropics? Certain species have medicinal value as a cathartic in humans and as a folk remedy for a variety of human health disorders. 1, 3, 12 Three species, C. occidentalis, C. obtusifolia, and C. roemeriana are known to produce myopathy in animals when the foliage or seeds are consumed. 2 Cassia occidentalis (coffee senna or coffee weed) is an annual weedy plant native to the southeastern United States, where it is commonly found in pastures and along roadsides. 24 This plant has been incriminated as a source of myodegenerative toxin after consumption by cattle. 6, 9, 10, 16, [19] [20] [21] Numerous field cases have been reported in eastern Texas; most cases occur after the first killing frost. 24 Toxicosis occurs most commonly in young cattle and can involve entire herds or isolated individuals. 24 Cassia species contain a number of toxic compounds: an albumin, 17 an alkaloid, 14 and an anthraquinone. 13 The mechanism of action has been described as similar to that of the uncoupling of oxidative phosphorylation. 18 The studies reported herein support prior observations linking consumption of Cassia seeds as a cause of illness in pigs. Pigs fed a ration contaminated with Cassia occidentalis seeds developed neuromuscular dysfunction. 4 The skeletal myopathy and cardiomyopathy commonly seen in other species were not observed in the pigs. However, diaphragmatic myopathy was observed but probably was not responsible for the clinical signs. The supportive evidence produced by these toxicologic investigations in a susceptible species (chicken) included clinical signs, necropsy findings, histopathologic findings, and electron microscopic investigation.
Materials and methods

Case history
Grain sorghum harvested in 1985 in east-central Georgia was used as the sole grain source in a swine ration. The pigs showed a marked reluctance to consume this ration but, nevertheless, did eat it. After 4-6 wk, the pigs began to demonstrate clinical signs of incoordination, ataxia, staggering, and decreased weight gain. By 8 wk, several pigs had died. Because of the meager consumption of the grain sorghum based ration, the grain sorghum was mixed 50:50 with a corn mixture consisting of 70% corn, 28% soybean meal, and 2% vitamins and minerals (w/w). Intoxication by seeds of Cassia spp. was suspected as a possible cause of the observed clinical signs: decreased feed conversion ratios, ataxia, weakness, and increased mortality.
Specimen collection
Samples of the grain sorghum unmixed with corn were sent initially to Louisiana State University for toxic evaluation. Visual examination of the grain sorghum revealed seeds of both Cassia occidentalis and Cassia obtusifolia, and by weight, the seeds were 3.7% and 1.65%, respectively.
Toxicology
Chickens were used as the experimental model because they are susceptible to poisoning by Cassia seeds. 20 Several kilograms of the suspect grain were ground in a Wiley Mill, a and 3 experiments were designed in which 56 chicks b were divided into treatment and control groups. Thirty-two chicks in the treatment group were allowed a standard chick starter ration ad libitum, which was ground in the same manner as the contaminated feed. The experiment was conducted over 16 days. Feed consumption was monitored and birds were weighed periodically and observed for the development of clinical signs of intoxication. On day 16, blood samples were collected by cardiac puncture, and the birds were euthanized.
Two additional experiments were done. The first served as a positive control to demonstrate that pathophysiologic changes in the test birds could be ascribed to the presence of 2% (w/w) Cassia occidentalis seeds in the ration. For this experiment, 20 chickens b were divided equally into control and treatment groups. The control birds were fed a ground standard chick starter ration ad libitum as above, but the treated birds were fed a ground standard chick starter ration ad libitum containing 2% (w/w) ground Cassia occidentalis seeds. For the second additional experiment, 8 chicks were fasted for 11 days but were allowed free access to water. This experiment served as a negative control to eliminate the possibility that any effects from feeding the contaminated grain might be explained by secondary anorexia rather than by a direct toxic effect of the Cassia occidentalis.
Clinical pathologic examination of samples
Blood samples were analyzed for hemoglobin, packed cell volume, and plasma protein."
Histopathologic examination of tissues
Samples from heart, pectoralis major, and semimembranosus were collected for both histologic and electron microscopic evaluation. The histologic samples were fixed in 10% neutral buffered formalin for a minimum of 8 days, embedded in paraffin, sectioned, and stained with hematoxylin and eosin. 15 
Electron microscopic examination
The electron microscopic samples were fixed in 1.25% glutaraldehyde in 0.1 M Na-cacodylate, pH 7.4, for 1 hr. 8 Postfixation treatment and staining were accomplished with 1-2% 0s0 4 . The samples were then dehydrated through a graded ethanol and propylene oxide series and embedded in Epon-Araldite. 8
Results
Clinical signs
Chickens fed contaminated grain sorghum in their ration lost weight rapidly. These birds averaged a net loss in body weight of 35% after 16 days (Fig. 1 ). During this period, birds consumed an average of 13 g of feed per day. The control birds, by comparison, gained an average of 59% of the original body weight during the same period. The treated birds developed dull eyes and appeared to become progressively weaker, with drooping head and wings, frequent sitting/squatting, and an apparent reluctance to move.
Chickens fed the standard chick starter ration containing 2% (w/w) Cassia occidentalis also lost weight rapidly, averaging a net loss of 19% after 11 days (Fig.  1) . Similarly, birds that underwent forced anorexia lost body mass equivalent to 35% of the original body weight after 10 days. The chickens fed the ration containing 2% Cassia occidentalis seeds exhibited clinical signs identical to those demonstrated by birds receiving the contaminated ration. However, fasted birds remained bright, alert, and active throughout the entire experimental period of 10 days. 
Gross lesions
Gross necropsy of contaminated feed-treated chickens revealed atrophy of the ventral trunk muscles (pectoralis superficialis, pectoralis profundus, rectus abdominis, transversus abdominis, and coracobrachialis) and the leg muscles (fibularis longus, gastrocnemius, sartorius, gluteus superficialis, tensor fascia latae, biceps femoris, semimembranosus, semitendinosus, and extensor digitorium longus). Pallor of the ventral trunk muscle was more evident in some birds, but the degree of pallor of the leg muscles (especially the thigh semitendinosus and semimembranosus) was consistent in all birds in the treatment group. In some cases, this pallor was restricted to the distal ends of the muscles, whereas in others, the entire muscle was the color of ivory. The myocardium of all birds fed contaminated grain was extremely pale compared to normal heart muscle. Gall bladders of all birds fed contaminated grain were distended and contained watery dark green bile. Birds fed contaminated grain possessed few grossly observable depots of fat as compared to abundant visceral and subcutaneous fat stores in control birds.
At necropsy, the tissues of chickens fed 2% Cassia occidentalis were similar to those of birds fed the contaminated grain ration. Fasted birds demonstrated only Table 1 . Values of blood parameters for control chickens ( n = 13) and chickens fed Cassia -contaminated grain for 16 days ( n = 13). Histopathologic evaluation of muscle tissue (semimembranosus) from birds fed contaminated grain re-There was no statistically significant difference bevealed extensive degeneration of muscle fibers (Fig. 2) . tween values for packed cell volume, hemoglobin con-The muscle was segmental with no obvious mineral-tent, or plasma protein concentration in the blood of ization, and sarcolemmal sheaths and nuclei remained, treated chickens as compared with control birds (Table  1) . enclosing floccular, degenerate contractile elements. Severely damaged fibers were found interspersed among apparently normal fibers. Vacuolation was prominent throughout the damaged foci, with proliferation of sarcolemmal nuclei and infiltration of macrophages. Erythrocytes were visible in muscle specimens from both control and treated birds, but red cells in intoxicated birds were much more numerous than in control birds (Fig. 3) . These erythrocytes appeared in and around the degenerated fibers of treated birds. Ventral body trunk muscle (pectoralis profundus) from treated birds demonstrated none of the microscopic lesions evident in leg muscle (semimembranosus), with the exception of a greatly increased number of sarcolem-ma1 nuclei (Fig. 4 ).
Electron microscopic lesions
Examination of myocardium from treated chickens revealed mitochondria1 swelling with disruption of the inner membrane and loss of cristae, and numerous mitochondria1 "ghosts" were present (cf. Figs. 7, 8 ).
Discussion
Sections of heart of a chicken fed contaminated grain did not demonstrate the myofiber degeneration ob-
The objective of this study was to compare the pathophysiologic effects of Cassia toxins on chickens (a species known to be sensitive to these toxins) fed a contaminated feed to the clinical signs observed in an exposed group of pigs in the field.
Prior studies have shown that a 2% (w/w) dietary concentration of Cassia occidentalis seeds in feed is sufficient to intoxicate chickens. 25 The results of this served in the leg (semimembranosus) (Fig. 5 ). Howwork confirm that assertion and indicate that the ever, cardiac muscle did exhibit extensive disorganiamount of Cassia seeds found in the Cassia -contamzation of fine structures, with extensive vacuolation. inated grain from Georgia (e.g., 3.7% [w/w]) is suffi-The areas of myocardial vacuolation were not isolated cient to induce toxic signs in chickens. Contaminated between normal fibers as observed in leg (semimemgrain caused clinical signs and histopathologic lesions branosus) muscles but spanned entire sections of musin chickens entirely consistent with a diagnosis of a cle (cf. Fig. 6 ).
toxic myopathy referable to Cassia occidentalis intox-ication. This constellation of clinical signs included 8. Hayat MA: 1981, Principles and techniques of electron mimuscular pallor, degeneration of skeletal muscle, 7,16,23-25 vacuolation of cardiac muscle, 18, 22, 23 swelling and loss of cristae in mitochondria, 7, 18, 22, 23 and no change in packed cell volume, hemoglobin content, or plasma protein concentration. 16, 23, 24 seeds in the sorghum grain mixture-were responsible for the signs observed in the pigs fed the ration.
The rate of body weight loss was more rapid in fasted birds than in birds fed contaminated grain. In spite of this fact, fasted birds exhibited none of the clinical signs or gross pathologic, histopathologic, or electron microscopic lesions observed in toxicant-treated birds. Therefore, the signs of intoxication observed in treated birds probably were not caused by a lack of food but rather by a direct toxic effect of the Cassia seeds in the grain. The suspect feed was indeed capable of producing Cassia intoxication in chickens, and the Cassia
